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Abstract We aimed to investigatewhetherdietary vitamin Cintake, an important antioxidant, is inverselyrelated to
self-reported respiratory symptoms in young adults of a community. A random sample of 4300 subjects, aged 20 ^ 44
years, living in Bergen,Norway, received a postal questionnaire on respiratory symptoms; 80% responded.Vitamin C
intake (mg per week) was estimated from a food-frequency questionnaire asking how often the subject, during the last
year, hadconsumedunits oforange juice, oranges, potatoes, carrots and tomatoes.Significantdifferencesinthe intake of
vitamin Cwere observed across smoking categorieswith current smokers having the lowest intake, while therewas no
variation by gender, age or occupational dust exposure. Dietary vitamin C intake was in univariate analyses inversely
related to‘‘morningcough’’,‘‘chronic cough’’,‘‘wheeze’’and ‘‘wheeze ever’’. After adjusting for gender, age, bodymass index,
‘‘occupational exposure’’ pack-years as well as having and stratified on smoking habits in multiple logistic regression
analyses, therelationshipbetweendietary vitaminCintake and‘‘cough’’and‘‘wheeze’’tendedtobe associatedto smoking.
The odds ratio (OR) for ‘‘morning cough’’ was 0.68 (95% CI: 0.35^0.95),‘‘chronic cough’’OR 0.69 (95% CI: 0.47^1.04) and
‘‘wheeze ever’’OR 0.75 (95% CI: 0.56^1.01) in current-smokers with dietary vitamin C intake in the upper (395mg/
week) vs. the lower (o209mg/week) tertile.TheOR for‘‘wheeze’’was 0.56 (95%CI: 0.35^0.88) in ex-smokers.Themag-
nitudeofthese effectsremainedafterexcluding subjectswith supplementary vitaminCintake (n=199) fromthe statistical
analyses. Among young Norwegian adults, having a low prevalence of asthma and high prevalences of smoking-related
respiratory symptoms, dietary vitamin Cintakemayact as an antioxidant andtherebyreduce cough andwheezein smo-
kers havinghigh oxidant stress.r2002 Elsevier Science Ltd.Allrights reserved.
Available online athttp://www.sciencedirect.com
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In the natural, oxygen-rich environment of the lungs, the
toxic e¡ects of oxidants are carefully balancedby several
antioxidant defense systems supporting normal cellular
function (1). An increase in exogenous or endogenous
oxidative stress or a decrease in antioxidant capacity
can lead to tissue damage and dysfunction.
Cigarette smoking increases the oxidant stress and
therefore the antioxidantburden on the lungs and stimu-
lates neutrophils and macrophages to enhance the pro-
duction of proteases and oxidants, which in turn can
inactivate protease inhibitors (2). These changes could
lead to a protease^antiprotease imbalancewithin the al-
veolar structures and to the development of chronic in-Received 5 February 2002, accepted in revised form 20 August 2002
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Norway.Fax: +47 55976088; E-mail: ernst.omenaas@haukeland.no£ammation (3) and emphysema (4).The established role
of oxidants in lung tissue injury and disease has pro-
moted the hypothesis that antioxidants may act as
preventive agents.Many studies have shown that high in-
take of vitamin C or fruits, rich in vitamin C, are asso-
ciated with higher lung function (5,6) with very similar
e¡ect estimates (7^12). However, if there is a bene¢cial
association of vitamin C intake with respiratory symp-
toms is still less consistent. Some studies have shown ef-
fects on respiratory symptoms of dietary vitamin C
intake (13,14), while others have not (15,8,16). Further-
more, it is still unclear if these e¡ects may be limited to
some speci¢c groups, for example by age and smoking
status (17).
The aim of the present study was to investigate the
relationship between dietary consumption of vitamin C,
one of themain antioxidants in the diet, and respiratory
symptoms among young adults of a Norwegian
community.
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Population sample
This cross-sectional study, in the city of Bergen,Norway,
was performed as part of the European Community Re-
spiratory Health Survey (18). A random sample of 4300
subjects from thegeneral population of Bergen,Norway,
aged 20^44 years, were sent a postal questionnaire on
October 1, 1991 plus two additional reminder letters if
there was no response; 3450 subjects (80%) responded.
Of thoseresponding 51%were females, and the response
rate increased with age (19).The study was approved by
the Regional Committee of Medical Research Ethics,
University of Bergen.
Questionnaire
Dietary habits were assessed by a semiquantitative
food-frequency questionnaire by asking: ‘‘How often, on
average the last year, did you consume the following nu-
trients?’’. Nine options were given (never or less than 1
per month, 1^3 per month, 1 per week, 2^4 per week,
5^6 per week, 1 per day, 2^3 per day, 4^5 per day,46
per day). The units for the dietary items were: orange
juice 150ml, one orange150g, one potato 80g, one-half
carrotraworboiled 37g, one tomato 65g, ¢sh150g, cof-
fee 150ml, tea 150ml and Pepsi or Coca-Cola 300ml. In
addition, subjects were asked if they took a supplement
of vitamin C the last year and the same nine options of
answering was given. The questionnaire was originally
developed by Channing Laboratory, Harvard Medical
School, and has documented acceptable reproducibility
and validity (20).
The amount of vitamin C in the following dietary
itemsper unit are: orange juice 50mg, orange 80mg,po-
tato 7mg, carrot 2mg, tomato 11mg (21). None of the
other dietary items enquired about contained vitamin
C. A variable was created from the ¢ve dietary items
containing vitaminC indicating therelative amountof vi-
tamin C in the diet: (orange juice*50 + orange*80 + po-
tato*7 + carrot*2 + tomato*11). The original nine
options of answering the dietary questions was then re-
classi¢ed in units per weekcreating a continuous vitamin
Cvariable (mg/week).
Information about four respiratory symptomswas ob-
tained by asking: ‘‘Have you hadwheezing or whistling in
your chest at any time in the last 12 months?’’ (wheeze);
‘‘Have you woken up with a feeling of tightness in your
chest at any time in the last12months?’’ (chest tightness);
‘‘Have you been woken by an attack of shortness of
breath at any time in the last 12 months?’’ (breathless at
night); ‘‘Have you had an attack of asthma in the last 12
months?’’ (asthma attack) (18). In addition, three
BMRC-modi¢ed questions were asked (22); ‘‘Do
you usually cough or clear your throat in themorning?’’ (morning cough); ‘‘Do you have cough for 3
months or more altogether during a year?’’ (chronic
cough); ‘‘Do you ever have wheezing in your chest?’’
(wheeze ever).
Never-smokers were individuals who had never
smoked daily; ex-smokers were those who had smoked
daily and quit; smokers were those who were smoking
daily at the time of the study. Ever-smokers were ex-
smokers and smokers together.Lifetime smokingwas as-
sessed as pack-years estimated as the duration of smok-
ing in years multiplied by the average number of
cigarettes smokedper day and dividedby 20 (19).
Occupational exposure was assessed by asking: ‘In
your occupation, haveyouworkedwith or been exposed
to mineral- or metal-dust in the last12 months?’’ (asbes-
tos, stone dust, rockdust, sandblasting, rockwool, glass-
wool, paint pigments with chromium, cement dust,
textile or tannic dye colors with chromium, dust
from nickel in electronic products, dust from cadmium
alloys).The answerswere coded into four exposurecate-
gories (never, every month or less, every week, every
day) (‘‘occupational exposure’’). The body mass index
(kg/m2) was calculated from self-reported weight (kg)
and height (m).
Statisticalmethods
Due to the skewed nature of our measure of vitamin C
intake (Fig.1), summary statistics for this are expressed
in terms ofmedian andinterquartile rangerather than as
means and standarddeviations.For the data inTables1^3,
we divided vitamin C intake into tertiles.We used chi-
square test and analysis of variance to compare vitamin
C intake in di¡erent subgroups (Table1). InTables 2 and 3,
we used logistic regression to relate vitamin C intake to
respiratory symptoms (dichotomous response vari-
ables). InTable 2, the signi¢cance probability for relation-
ship between dietary vitamin C intake and seven
respiratory symptoms are given both before and after
adjustment for smoking habits.
Thenumberof subjects includedin each analysis varies
somewhat due tomissing values. Information on occupa-
tional mineral- or metal-dust exposure was missing for
about17% of the subjects. InTable 4 subjectswithmissing
values on ‘‘occupational exposure’’ were categorized as
non-exposed.
Unless otherwise noted, all P-values are two-sided
and the term ‘‘signi¢cant’’ implies a P-value o0.05. All
analyseswere conductedusing the BMDP statistical soft-
ware package (23).
RESULTS
Characteristics of the population
Table 1 shows the percent of females, mean age, mean
body mass index, pack-years smoked and present
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FIG. 1. Dietary vitamin Cintake inyoung Norwegian adults.
TABLE 1. Characteristics of a random sample of young Norwe
status
Vitamin C
Characteristics n Lower ter
(o209mg
Gender, female (%)
Never-smokers 1247 51
Ex-smokers 572 57
Smokers 1405 50
Total 3224 51
Age, mean7 SD (years)
Never-smokers 1247 2976
Ex-smokers 572 3176
Smokers 1405 3177
Total 3224 3077
Bodymass index (kg/m2)
Never-smokers 1239 2373
Ex-smokers 568 2374
Smokers 1379 2373
Total 3186 2373
Pack-years, mean7 SD
Ex-smokers 561 9710
Smokers 1384 1279
Total 1945 1179
Occupational dust exposure** (%)
Never-smokers 1026 15
Ex-smokers 479 18
Smokers 1114 25
Total 2619 21
*P-values from chi-squared tests (gender, occupational dust
index andpack-years).
**reported during the last12 months
136 RESPIRATORYMEDICINEoccupational dust or gas exposure by dietary vitamin C
intake and smoking status.We observed a signi¢cantvar-
iation of gender and age across the tertiles of dietary vi-
tamin C intake, while no variation was observed for
bodymass index, pack-years of smoking nor for occupa-
tional dust or gas exposure.
Vitamin C intake
The median dietary vitamin C intake was 286mg/week
(range: 18, 25^6263mg, interquartile range: 144^
430mg).Vitamin C consumption varied signi¢cantly be-
tween never-smokers (median: 304mg/week; interquar-
tile range: 149^459mg), ex-smokers (median: 321mg/
week; interquartile range: 172^470mg) and smokers
(median: 256mg/week; interquartile range: 130^
382mg). Altogether 312 subjectswere daily taking a sup-
plement of vitamin C.
Respiratory symptoms
The prevalences of respiratory symptoms were: ‘‘morn-
ing cough’’ 24%, ‘‘chronic cough’’ 9%, ‘‘wheeze’’ 25%,gianmen andwomenbydietary vitamin C intake and smoking
intake per week
tile
)
Middle tertile
(209^395mg)
Upper tertile
(395mg)
P-value*
48 54
52 59
45 49
48 53 0.04
3177 3177
3377 3377
3277 3177
3277 3177 o0.01
2373 2373
2373 2373
2373 2373
2373 2373 0.70
1079 10711
12712 1078
11711 1079 0.34
17 17
17 15
21 21
19 18 0.33
exposure) and two-way analyses of variance (age, body mass
TABLE 2. Prevalence of respiratory symptoms according to dietary vitamin C intake and smoking status in responders from a
random sample of Norwegianmen andwomen aged 20^44 years
Dependent variable n Vitamin Cintake per week Signi¢cance probabilities
Lower tertile
(o209mg)
Middle tertile
(209^395mg)
Upper tertile
(395mg)
Vitamin Ca Vitamin C
adjusted for
smokingb
Vitamin C 
smoking
interactionc
Morning cough (%)
Never-smokers 1243 13 11 11
Ex-smokers 565 14 12 10
Smokers 1393 45 37 34
Total 3201 29 23 19 o0.01 o0.01 0.04
Chronic cough, (%)
Never-smokers 1241 5 5 3
Ex-smokers 570 3 5 3
Smokers 1389 18 14 13
Total 3200 11 9 7 o0.01 0.03 0.84
Wheezed (%)
Never-smokers 1244 13 12 12
Ex-smokers 571 16 16 12
Smokers 1402 42 42 34
Total 3221 28 26 20 o0.01 0.04 0.09
Wheeze ever (%)
Never-smokers 1234 30 32 29
Ex-smokers 566 46 44 33
Smokers 1381 62 61 58
Total 3184 48 47 40 o0.01 0.01 0.03
Chest tightnessd (%)
Never-smokers 1244 7 8 8
Ex-smokers 569 10 13 9
Smokers 1398 17 14 13
Total 3211 12 12 10 0.31 0.86 0.16
Breathless at nightd (%)
Never-smokers 1238 4 3 4
Ex-smokers 570 5 6 6
Smokers 1401 6 7 4
Total 3209 5 5 4 0.52 0.61 0.49
Asthma attackd (%)
Never-smokers 1244 2 3 3
Ex-smokers 568 2 5 4
Smokers 1401 3 4 3
Total 3213 2 4 3 0.30 0.17 0.21
aChi-square test.
bAdjusted for smoking (never, ex-smokers and smokers) inmultiple logistic regression analyses.
cInteractions termadjusted for vitaminCintake andsmoking (never-smokers, ever-smokers) inmultiple logistic regression analyses
dReported during the last12 months
DIETARY VITAMINCANDRESPIRATORYSYMPTOMS 137‘‘wheeze ever’’ 44%,‘‘chest tightness’’ 12%,‘‘breathless at
night’’ 5% and ‘‘asthma attack’’ 3%.The prevalences of re-
spiratory symptoms by levels of vitamin C intake and
smoking habits are shown inTable 2.The rates of ‘‘morn-
ing cough’’,‘‘chronic cough’’, ‘‘wheeze’’ and ‘‘wheeze ever’’
showed in logistic regression a signi¢cant decreasing
trend with increasing vitamin C consumption (Table 2)
also after adjusting for smoking habits.The inverse rela-
tionship between vitamin C intake and ‘‘morning cough’’,
‘‘wheeze’’ and ‘‘wheeze ever’’ appeared to vary by smok-ing-status since the interaction terms between dietary
vitaminC intake and smokingwere signi¢cantorborder-
line signi¢cant (Table 2). No relationship between vita-
min C intake and ‘‘chest tightness’’, ‘‘breathless at night’’
or ‘‘asthma attack’’ was observed.
Multiple logistic regression analyses
Adjusted OR for respiratory symptoms by di¡erent pre-
dictor variables, in logistic regressionmodels, are shown
TABLE 3. Adjusted ORwith 95% con¢dence intervals (CI) for respiratory symptomswith respect to dietary vitamin C intake and possible confounding predictor variables inmulti-
variate logistic regressionmodels
Morningcough Chronic cough Wheezea Wheeze ever Breathless at nighta Chesttightnessa Asthma attacka
Predictor variables OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Vitamin C intakea (n=2405)
Lower tertile (o209mg/week) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Middle tertile 0.69 0.54^0.88 0.87 0.61^1.25 1.15 0.91^1.49 1.04 0.86^1.29 1.19 0.74^1.92 1.13 0.82^1.56 1.96 1.06^3.70
Upper tertile (395mg/week) 0.70 0.55^0.90 0.76 0.52^1.01 0.86 0.67^1.12 0.84 0.68^1.02 0.93 0.59^1.51 1.13 0.81^1.56 1.47 0.76^2.77
Confounders
Age (increase of10 years) 1.11 0.96^1.28 1.11 0.89^1.38 1.27 1.09^1.47 1.22 1.08^1.32 1.06 0.80^1.41 1.39 1.14^1.70 1.06 0.75^1.50
Sex (0=male,1=female) 1.08 0.85^1.36 1.01 0.72^1.42 1.12 0.89^1.38 1.33 1.09^1.61 1.85 1.19^2.87 1.60 0.85^1.19 0.94 0.68^1.32
Bodymass index (increase of 5 kg/m2) 1.02 0.98^1.05 1.09 1.03^1.14 1.06 1.02^1.09 1.02 0.99^1.05 1.08 1.02^1.15 1.06 1.02^1.11 1.06 0.98^1.15
Occupational dustexposurea (0=no,1=yes) 1.35 1.04^1.75 1.05 0.71^1.56 1.53 1.18^2.00 1.37 1.09^1.75 1.22 0.71^2.13 1.37 1.13^1.75 0.57 0.26^1.25
Never-smoker 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ex-smoker 1.04 0.72^1.47 0.92 0.49^1.72 1.30 0.92^1.82 1.71 1.35^2.17 1.66 0.98^2.86 1.81 1.22^2.70 1.22 0.63^2.38
Smoker (1^9 cigarettes/day) 1.62 1.04^2.52 1.69 0.82^3.52 2.19 1.45^3.31 2.17 1.56^3.03 0.91 0.37^2.22 1.16 0.63^2.13 1.25 0.63^2.35
Smoker (10 cigarettes/day) 5.46 4.34^7.14 4.76 3.22^7.14 5.55 4.34^7.14 3.85 3.14^4.69 1.33 0.82^2.13 2.27 1.64^3.13 1.11 0.62^2.00
aReported during the last12 months.
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TABLE 4. Adjusted*ORwith 95% CI for respiratory symptomswithrespectto dietary vitamin Cintake strati¢edby smokinghabits inmultivariate logistic regressionmodels
Morningcough Chronic cough Wheeze** Wheeze ever Breathless at night** Chesttightness** Asthma attack**
Predictor variables OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Vitamin C intake in never-smokers** (n=993)
Lower tertile (o209mg/week) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Middle tertile 0.82 0.49^1.35 1.28 0.57^2.94 1.14 0.81^1.61 1.07 0.65 ^1.75 0.76 0.32^1.79 1.61 0.85 ^3.03 1.43 0.50^4.16
Upper tertile (395mg/week) 0.91 0.56^1.47 0.72 0.30^1.75 0.95 0.68^1.33 1.09 0.68 ^1.75 0.84 0.37^1.89 1.28 0.67 ^2.44 1.82 0.68^4.76
Vitamin C intake in ex-smokers** (n=531)
Lower tertile (o209mg/week) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Middle tertile 0.87 0.45^1.67 2.17 0.55^5.46 0.98 0.63^1.54 1.23 0.81 ^3.58 0.97 0.37 ^2.56 1.41 0.69 ^2.85 2.27 0.58^9.09
Upper tertile (395mg/week) 0.68 0.35^1.35 1.27 0.29^2.90 0.56 0.35^0.88 0.69 0.36 ^1.35 1.11 0.43 ^2.85 1.04 0.50 ^2.17 1.39 0.33^5.88
Vitamin C intake in smokers** (n=1299)
Lower tertile (o209mg/week) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Middle tertile 0.77 0.51^1.00 0.66 0.45^0.96 0.94 0.65^1.23 1.12 0.85 ^1.47 1.44 0.80 ^2.50 0.88 0.61 ^1.39 2.00 0.93^4.34
Upper tertile (395mg/week) 0.68 0.51^0.92 0.69 0.47^1.04 0.87 0.65^1.14 0.75 0.56 ^1.01 0.69 0.33 ^1.44 0.88 0.59 ^1.33 1.06 0.42^2.70
*Adjusted for age, gender, bodymassindex, pack-years andoccupationaldustexposure.Subjectswithmissingdataonoccupationaldustexposurewerecategorizedasnon-exposed.
**Reported during the last12 months.
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140 RESPIRATORYMEDICINEinTable 3. After adjusting for age, sex, body mass index,
‘‘occupational exposure’’ and smoking habits, vitamin C
intake was signi¢cantly inversely related to ‘‘morning
cough’’, but it also appeared to be related to ‘‘chronic
cough’’, ‘‘wheeze’’ and ‘‘wheeze ever’’. Excluding subjects
(n=312) taking daily vitamin C supplementation resulted
in e¡ects of similarmagnitude as thosepresented inTable
2.
Analyses strati¢ed on smoking habits adjusting for
gender, age, body mass index, pack-years and ‘‘occupa-
tional exposure’’, showed that the relationship between
dietary vitamin C intake and symptoms of ‘‘cough’’ and
‘‘wheeze’’ were mainly associated with smoking (Table
4).The magnitude of the OR shown inTable 4 remained
after excluding subjects taking daily supplemental vita-
minC (199 ever-smokers and113 never-smokers) or those
withmissing data on ‘‘occupational exposure’’.
DISCUSSION
We observed, in this cross-sectional community study,
that dietary intake of vitamin C mainly appeared to be
inversely related to symptoms of ‘‘cough’’ and ‘‘wheeze’’
in young current-smokers.We did not observe this rela-
tionship for ‘‘chest tightness’’, ‘‘breathless at night’’ and
‘‘asthma attack’’.
The random sample examined should be representa-
tive of the study population (19). Both the questionnaire
on respiratory symptoms (22,24) and the semiquantita-
tive food-frequency questionnaire (20) have been vali-
dated. A recent study comparing a self-administered
food-frequency questionnaire, as well as an interview-
administered questionnairewith a 7-day food recording,
reported good validity when using the former method
to estimate nutrient intake (25).
A high intake of vitamin C in the diet was associated
with never- and ex-smoking in our study.Vitamin C in-
take as a predictor variable of the seven respiratory
symptoms analyzedmust therefore be interpreted with
caution, since vitamin C intakemay be a proxy for other
dietary factors not included in the present analyses or
registered in the questionnaire (vitamin E and total en-
ergy intake in the present study). On the other hand,
thevitaminCvariable in this study was composed of sev-
eral main dietary items and should therefore be robust
to unwanted bias.
The confounding variables of age, sex, body mass in-
dex, smokinghabits and ‘‘occupationalgas anddust expo-
sure’’ have been taken into account to estimate the true
e¡ect of vitamin C intake on asthma-like symptoms.
Smoking habits are a main risk factor for respiratory
symptoms,whichwas also observedin thepresent study.
Furthermore, ‘‘occupational exposure’’ was a signi¢cant
predictor variable of ‘‘wheeze’’, ‘‘wheeze ever’’, ‘‘chest
tightness’’ and ‘‘morning cough’’.‘‘Occupational exposure’’may alsobe lookedupon as avariable taking into account
other socio-economic di¡erences in this community
than smokingcando on its own.Thismaybe an argument
in favor of including this confounding variable in the ana-
lyses. Owing to a relatively high proportion of missing
data for ‘‘occupational exposure’’, the inclusion of this
variablewould have reduced the statistical power of the
multivariate analyses unfavorably.Whether we excluded
subjectswithmissing values or categorized them as non-
exposed, the magnitude of the ORs remained basically
stable
Epidemiological studies have consistently demon-
strated lower levels of pulmonary function in individuals
who consume lower levels of vitamin C or food contain-
ing vitamin C (5^12).However, if there is a bene¢cial as-
sociation of vitamin C intake with respiratory
symptoms, then development of asthma or pulmonary
diseases are still less consistent. High dietary intake and
raised serum concentrations of vitamin C had a protec-
tive e¡ect againstrespiratory symptoms in children from
Italy (14), in a representative sample of adults in the Uni-
ted States (13) and in adults from Scotland (26).However,
other studies have not showed such an association
(15,16,27,8). Furthermore, data from prospective studies
of the development of asthma and pulmonary disease
showdi¡erent e¡ects of the consumption of fruit and vi-
taminC.TheZutphen study suggested that fruit, butnot
speci¢cally vitaminC, was inversely related to the devel-
opment of chronic non-speci¢c lung disease (28). How-
ever, The Nurses’ Health Study demonstrated no
relationship between dietary vitamin C intake and the
subsequent incidence of asthma in a large cohort of
77866women (15).Di¡erences in gender of the subjects,
the outcomemeasures, smokinghabitsmight explain the
observeddi¡erences. Alternatively, a protective e¡ectof
fruitmaybe attributable to fruit constituents other than
vitamin C.
British and Dutchmale heavy smokers not only have a
lower dietary antioxidant intake than never-smokers
(29), but additionally seem to use supplementation rela-
tively infrequently (30).This may in turn exacerbate the
damage caused by smoking. In a Finnish study of almost
30 000 subjects, no e¡ect of supplementation with al-
pha-tocopherol or beta-carotene was observed on the
symptoms of chronic obstructive pulmonary disease
(31).However, bene¢cial e¡ect of dietary intake of fruits
and vegetables rich in these compounds was observed
(31). Thus, there might be di¡erences in health e¡ects if
the intake of vitamins comes from food or if taken as a
supplement. In our study,15% used a supplement of vita-
min C daily during the last year.When excluding these
subjects from the analyses, the e¡ects of dietary vitamin
C intake on the respiratory symptoms remained.
In this study, the e¡ects of dietary intake of vitamin C
was observed in smokers only and supports a previous
published study (10).The level of oxidant stress is higher
DIETARY VITAMINCANDRESPIRATORYSYMPTOMS 141in smokers than in non-smokers and the e¡ect of antiox-
idant agents may ¢nd a much better playground in smo-
kers (32).However, we cannot exclude the health e¡ects
in non-smokers, but these e¡ects must be small and
might only be observed in much larger population stu-
dies than the present.
Our study is limited to young adults aged 20^44 years
of age. Even in this young age group, smoking was
strongly associatedwith respiratory symptoms of cough
and wheeze. It is an interesting question for future re-
search whether the e¡ects of dietary vitamin C intake
may vary by age as the respiratory symptoms and pro-
cesses by time may have inferred more persistent da-
mages of the airways.
In the present study, a median intake of approximately
40mg vitamin Cwas observed, which is lower than the
60mg/ day that is recommended.The di¡erences in vita-
min C intake between current smokers on the one hand
and never- and ex-smokers on the other, equivalents to
about 7^9 potatoes/ week.Onemay speculate that such
small di¡erences in vitamin C consumption might have a
limited clinical e¡ect on symptoms and disease. How-
ever, when a dietary e¡ect on respiratory symptoms
can be indicated in our population with a generally low
vitamin C intake, greater e¡ectsmightbe found in other
populations with a higher intake.
A great and so far unexplainedvariation in respiratory
symptoms has been observedbetween andwithin coun-
tries in the EuropeanRespiratoryHealth Survey (18). In a
recent report (33), there has also been shown signi¢cant
variations in plasma vitamin C levels, re£ecting di¡erent
dietary antioxidant intake, in subjectswith di¡erent eth-
nic backgrounds living in the same area. Further search
for determinants of respiratory symptoms should take
into account possible di¡erences in total energy intake
and dietary items, including vitamin C intake, across the
populations at examination.
In conclusion, dietary vitamin C intake appeared to be
inversely related to symptoms of ‘‘cough’’ and ‘‘wheeze’’,
indicating that theremay be a protective antioxidant ef-
fect in young adult smokers.
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